Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
Because the Czech Republic has committed, by accepting the acquis communitaire, to adopting the common currency (the euro) at some future date, policymakers should consider the conditions that this transition requires. The rules that specify entry into the euro zone are known as the Maastricht criteria, and they cover several macroeconomic variables -inflation, the long-term interest rate, public deficit (and overall debt) and a country's exchange rate. Specifically, the exchange rate criterion stipulates that the applicant's currency must enter the Exchange Rate Mechanism-II and remain there for at least two consecutive years without devaluing the domestic currency or departing from central parity by more than 15% in absolute terms. In contrast, the inflation criterion stipulates that the applicant's inflation must be no more than 1.5% higher than the average of inflation rates in the three EU member states with the lowest inflation.
Many new EU member states experience real exchange rate appreciation induced by their catching-up processes (Coricelli and Jazbec, 2004) . In this light, it is important for the applicant country to strike an optimal balance between price stability and exchange rate stability, set in opposition by the two criteria mentioned above. Therefore, in this paper, we examine the relationship between exchange rates and prices, specifically exchange rate pass-through into domestic inflation.
Exchange rate pass-through analysis is also an important tool for the monetary policy authority to achieve price stability. The Czech National Bank (CNB) adopted inflation targeting in 1998. After a period of disinflation, it currently maintains a 2% inflation target. The Czech Republic is one of the most open countries in the world, and exchange rate shocks may play an important role there, especially for certain components of the consumer basket. For example, the Czech Republic was affected by a large negative external shock at the outset of the global financial crisis that translated into a prolonged period of recession followed by slow growth. Previous estimates of exchange rate passthrough have been based on data from the period before the financial crisis.
The Czech Republic experienced solid growth during that period. Therefore, it is vital to assess whether the degree of exchange rate pass-through has changed.
In addition, it is interesting to observe how different sub-components of the consumer basket react to exchange rate changes to pinpoint which prices are more vulnerable to exchange rate shocks. Importantly, the CNB introduced foreign exchange interventions in early November 2013 to reduce the risks of deflation and to achieve its inflation target. Unlike many other European countries, the Czech banking sector remained largely stable, liquid and well capitalized during the global financial crisis and did not receive government support (Czech National Bank's Financial Stability Report, 2014). Therefore, the central bank could not support the domestic economy by injecting additional liquidity into commercial banks and had to opt for other, unconventional measures. The domestic currency weakened by approximately 7% after this intervention, and the central bank announced that it would maintain a combination of inflation and exchange rate targeting at least until 2016. Clearly, this policy is based on the assumption that there is nonzero exchange rate pass-through, and the effectiveness of this policy increases at higher leves of pass-through. Therefore, updated estimates of exchange rate pass-through are of clear relevance for central bankers.
Our results suggest that the exchange rate pass-through in the Czech Republic is not complete, except in the case of food prices. We estimate the long-term exchange rate pass-through at the aggregate level to be approximately 50%. Exchange rate shocks are typically largely transmitted within a year. Therefore, our results indicate that the extent and speed of exchange rate pass-through have changed in the Czech Republic. In comparison to previous studies (especially Babecka-Kucharcukova, 2009), we find that during the current global financial crisis, exchange rate pass-through in the Czech Republic became slower but more complete. Our policy implication is that the foreign exchange interventions currently maintained by the CNB may be more effective than previous empirical evidence would suggest if these interventions were to be maintained for a sufficient time period. Our results point to what Shioji (2014) termed a revival in exchange rate pass-through. We contribute to evidence that exchange rate pass-through became more pronounced in recent years. This paper is organized as follows. Section 2 discusses the related literature. 
Exchange Rate Pass-Through in Central and

Eastern Europe: Empirical Evidence
We provide a brief survey of existing studies that examine exchange rate passthrough in Central and Eastern Europe. We particularly focus on the Czech Republic. We refer the reader to Velickovski and Pugh (2011) for a quantitative survey (meta-analysis) of the exchange rate pass-through literature on transition economies. Useful surveys regarding exchange rate pass-through in Central and Eastern Europe (CEE) can be also found in Beirne and Bijsterbosch (2009) or Jimborean (2013) . A survey of earlier studies is available in Menon (1995) .
Focusing on the CEE countries, the prior literature finds that short-term exchange rate pass-through estimates are the lowest in the Czech Republic.
The results for the Czech Republic are presented in Table 1 for Slovakia. In contrast, more recent studies suggest a potential change in this pattern. Beirne and Bijsterbosch (2011) estimate somewhat higher effects for the Czech Republic (25%) and Poland (36%) and somewhat lower effects for Slovakia (18%) and Hungary (24 %). Jimborean (2013) finds the lowest value for Poland (1%), followed by more or less the same estimates for the Czech Republic (7%), Hungary (8%) and Slovakia (8%). According to these figures, it appears impossible to declare that one country has consistently lower passthrough levels than another. Interestingly, Mihaljek and Klau (2008) find that the pass-through in the Czech Republic increased from 6% (1994) (1995) (1996) (1997) (1998) (1999) (2000) to 13% (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) .
The results for the long-term exchange rate pass-through are also presented in Table 1 . Although the estimates differ somewhat, the pass-through is clearly less than complete, and the typical figure is approximately 50%. Republic over the 1996-2006 period. In the short-term horizon, she finds that pass-through is incomplete and fast. The maximum effect of the exchange rate shock is attained after approximately 6 months, and more than 50% of this effect occurs during the first 3 months. As expected, it is also confirmed that there is Short-run pass-through represents either the peak impulse response or the value after the shortest period available in the papers (e.g., pass-through after 3 months). Long-run pass-through represents the total amount to be transmitted.
a substantial difference between the effect on tradables and non-tradables (i.e., the effect on non-tradables is much smaller and almost insignificant). After 6 months, the effect is almost fully transmitted into domestic consumer prices, and the effect on aggregate CPI does not exceed 25%.
Another area of interest is the pass-through evolution along the distribution chain (i.e., the effect of exchange rate shock to import prices, producer and consumer prices). The highest effect of approximately 85% (almost complete) is found for import prices. For the other two indices, the effect is much lower.
This finding can be explained by the high competition in the domestic market, as Bacchetta and van Wincoop (2003) state. This result is in line with previous literature. In contrast, surprisingly, the estimates provided suggest a larger passthrough effect to consumer prices than to producer prices. This result is due to the substantial presence of foreign components in the consumption basket. and Shioji (2014) , this paper partially contradicts the common perception that pass-through is of a fading nature. To a certain extent, Beirne and Bijsterbosch (2011) fall into this category of papers because they also find a somewhat higher degree of pass-through.
In summary, there are some differences in the estimated results due to the various methodologies and different periods used in the papers. Nevertheless, empirical evidence suggests that the pass-through in the Czech Republic is incomplete. However, it is increasingly disputable whether the pass-through is of a fading nature. More recent papers show that it might not be a coincidence that their results indicate higher pass-through. Our aim is to provide more recent estimates of exchange rate pass-through. 
Empirical Methodology and Data
Vector autoregressions
We largely follow the previous literature and apply VAR models to examine the exchange rate pass-through in the Czech Republic. VAR models are well known. Therefore, we focus on discussing the important issues, such as the model specification and, particularly, the ordering of the variables. The impulse responses are identified using Choleski decomposition. As a result, the ordering of the variables matters.
We follow the ordering of the variables as in Babecka-Kucharchukova (2009) Nevertheless, there are three differences of our approach compared to BabeckaKucharchukova (2009). First, industrial production is used instead of GDP gap data because GDP gap data are provided only on a quarterly basis.
1 Second, the unit labor costs variable is dropped from the estimation because it is not available on a monthly basis. Third, keeping in mind the choice of industrial production over GDP, the ordering is adjusted to correspond to Beirne and Bijsterbosch (2011), who also used industrial production to approximate demand shocks. Beirne and Bijsterbosch (2011) argue that this "adjusted" ordering captures the functioning of the economy more realistically.
In this light, consider the following system 2 :
(1)
1 There are several methods for data transformation from quarterly to monthly data, such as the quadratic method of interpolation, but it is difficult to assess whether these interpolation methods capture the output dynamics well. In contrast, industrial production captures only a certain part of economic activity.
2 The chain structure of the model is similar to that of Blanchard (1983) and McCarthy (1999). are the supply, exchange rate, demand, import price, export price, producer price and consumer price shocks, repspectively.
3 Equation (1) says that supply shocks are identified from the dynamics of oil price change. Equation (2) says that exchange rate shocks are identified from the dynamics of exchange rate change after taking into account the contemporaneous effect of the supply shock. As far as demand shocks are concerned, they are identified from the dynamics of industrial production change after taking into account the contemporaneous effects of the supply and exchange rate shocks as presents equation (3) and so on.
According to definition of the system, one may conclude that shocks in consumer price are identified from the dynamics of consumer price change after taking into account the contemporaneous effects of shocks of all variables that are placed before the consumer price (i.e. those that are defined in (1) - (6)).
Moreover, we ought to mention three other features about the models. First, the model allows domestic consumer prices to be affected by import prices in two channels -directly and indirectly via producer prices. Second, there is 3 In some specifications where pm oil it is included as exogeneous variable, pm it is replaced by pm n−oil it that denotes import price (all groups except oil). The VAR specifications (and the ordering of variables) that we estimate are presented in Table 2 . With the exception of specification 1, McCarthy (1999) argues that shocks along the distribution chain can be thought of as changes in the pricing power and markups of firms. Finally, we assume that the conditional expectations in all specifications can be replaced by linear projections of the lags of all endogenous variables included in the system.
We conduct a number of relevant statistical tests to assess whether the econometric models are correctly specified. We examine the stability of our VAR models. The results are available in the Appendix in Table A 
Data
We use data from January 1998 to August 2013. Our starting date is motivated by the change in the monetary policy regime, as the Czech Republic abandoned the fixed exchange rate regime in 1997 and adopted inflation targeting in January 1998. We use five different consumer price indexes and their subcomponents: aggregate CPI (PC), tradables only (PC-TT), food only (PC-TF), other tradables excluding food and beverages (PC-TO) and non-tradables excluding regulated prices (PC-NT). These data come from the Czech National Bank. 
Results
We provide the estimates of exchange rate pass-through in this section. Aggregate consumer prices whereas we use more recent data from 1998-2013. Interestingly, the peak occurs between 8 to 11 months after the exchange rate shock, which is quite different from the findings of Babecka-Kucharcukova (2009), who report that the peak occurred approximately 2 months after the shock. This finding indicates that once we include the more recent data that cover the current global financial crisis, the rate of exchange rate pass-through is slower. This finding is confirmed by the results presented in Table 3 , where the accumulated responses for 6, 12, 18, 24 and 60 months are presented.
The nominal effective exchange rate used in the estimation is defined according to the IMF definition of NEER. 6 We also tried to estimate this effect to net CPI in order to reflect specifics of the Czech economy. Based on statistically significant results, exchange rate pass-through to net CPI accounts roughly for 22% during the first 12 months. That is broadly similar to the results presented when using aggregate CPI. Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 2 . The peak impulse response is presented with 95% confidence bands. The timing of peak impulse response is not identical across specifications. Typically, it occurs between 8 and 11 months after the exchange rate shock. Notes: The numbers from 1 to 11 on the vertical axis denote the specification number as defined in Table 2 .
Our results also indicate that the exchange rate pass-through is more com- Finally, we choose specification 8 and report the impulse response and accumulated response to provide a more detailed view of the pass-through. Figure 2 depicts the impulse response of aggregate CPI to a 1% change in the exchange rate. The peak is achieved after 8 or 9 months with a maximum pass-through of 4.6% and then slowly decays toward 0. Figure 3 plots the accumulated response.
The total effect transmitted to aggregate CPI is approximately 75%, and it is reached after approximately 2 years.
Figure 2: Impulse response of CPI inflation to 1% exchange rate shock
Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 2 . The peak impulse response is presented with 95% confidence bands. The timing of peak impulse response is not identical across specifications. Typically, it occurs between 8 and 11 months after an exchange rate shock.
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Figure 3: Accumulated response of CPI inflation to a 1% exchange rate change
In addition, we perform variance decompositions and find that exchange rate fluctuations explain approximately 20% of variation in the aggregate prices on average (considering a horizon of two years). Finally, we also assess the performance of our VAR models by comparing their (pseudo out-of-sample)
forecasting ability vis-a-vis a random walk. Using our VAR models and a random walk, we forecast the aggregate prices three months ahead and examine the forecasting performance by calculating the root mean square error. We present our results in A.3. Of our 11 specifications, 9 outperformed the random walk (in many instances considerably). The forecasts obtained from 2 specifications are marginally less accurate than a random walk. Overall, these results suggest that our VAR models have reasonable forecasting performance.
Tradables
We examine the various elements of the consumer basket in greater detail. Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 2 . The peak impulse response is presented with 95% confidence bands. The timing of peak impulse response is not identical across specifications. Typically, it occurs between 8 and 11 months after an exchange rate shock. Table 4 presents the results for the accumulated response of tradable prices to an exchange rate shock. We find that most of the shock is transmitted during the first 12 months, reaching approximately 6%-7%, on average, as opposed to the estimate of 25% reported by Babecka-Kucharcukova (2009). Therefore, our results again indicate that exchange rate pass-through has slowed. Interestingly, we find that the pass-through to tradables is lower than in the case of aggregate CPI. Clearly, this finding is somewhat surprising, but it may be partly due to aggregation bias (Granger, 1980 ). An alternative explanation is that idiosyncratic shocks tend to cancel out when a substantial number of price inflation is more persistent when estimated at the aggregate level than when estimated using its underlying components. Figure 5 presents the estimated short-term peak impulse responses. The peak response occurs 9 or 10 months after an exchange rate shock. The peak is approximately 9\% on average. Although the peak of 9% is largely in line with Babecka-Kucharcukova (2009), from her sample, she estimated the peak to have already occurred around the second month after the shock.
Tradables (Food Only)
Although we find that exchange rate shocks transmit to food prices rather slowly, the pass-through eventually becomes complete for this category. The results in Table 5 suggest that within 12-18 months, the exchange rate changes are fully transmitted into food prices. This finding contrasts with the previous findings of Babecka-Kucharcukova (2009), who suggests that approximately 25%
of an exchange rate change transmits into food prices. Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 2 . The peak impulse response is presented with 95% confidence bands. The timing of peak impulse response is not identical across specifications. Typically, it occurs between 9 and 10 months after an exchange rate shock. Notes: The numbers from 1 to 11 on the vertical axis denote the specification number as defined in Table 2 .
Non-tradables
We estimate the peak response of non-tradables to be approximately 2%, which corresponds to the previous estimates of Babecka-Kucharcukova (2009). Ac-cording to the results depicted in Figure 6 , the response is not statistically significant at conventional levels. This finding applies to the case of peak impulse response and to the case of accumulated responses. The estimated accumulated response varies substantially across model specifications; see Table 6 . Figure 6 : Peak impulse response of non-tradables inflation to a 1% exchange rate shock
Notes: The numbers from 1 to 11 on the horizontal axis denote the specification number as defined in Table 2 . The peak impulse response is presented with 95% confidence bands. The timing of peak impulse response is not identical across specifications. Typically, it occurs between 11 and 13 months after an exchange rate shock. Notes: The numbers from 1 to 11 on the vertical axis denote the specification number as defined in Table 2 .
Policy Implications
We According to our results, a 1% exchange rate depreciation shock is associated
with an approximately 0.25% increase in aggregate prices within the year. As a consequence, weakening the currency by 7% could contribute to inflation by some 1.75%, other things being held constant. This is interesting to compare to the official CNB estimates. CNB (2014b) uses input-output tables for the Czech economy to assess the impact of exchange rate depreciation and provides estimates that the direct (short-term) effect of a 5% depreciation on prices is 1.2%, while the long-term effect is 1.6%. As a result, the CNB estimates for 7% depreciation are 1.68% in the short-term and 2.31% in the long-term. Although our method and that applied by the CNB differ, the estimates are broadly consistent with one another. Importantly, both methods imply that the effect of exchange rate depreciation is economically significant. This finding suggests that if the exchange rate were to remain at the level preferred by the CNB, it would substantially reduce deflationary risks.
Concluding Remarks
We estimate exchange rate pass-through in the Czech Republic in the 1998-2013
period. We use aggregate consumer prices and their sub-components to analyze whether exchange rate shocks influence different components of the consumer basket differently.
In line with the survey by Velickovski and Pugh (2011), we find that the exchange rate pass-through is not complete; that is, an exchange rate shock does not fully translate into prices. The exception is food prices, for which our results indicate complete pass-through. Specifically, we find that approximately one-half of exchange rate changes are transmitted into aggregate prices and that this process takes approximately one year. Therefore, our results are in contrast with previous evidence, which was based on data from before the financial crisis. The typical finding in the exchange rate literature was that exchange rate pass-through is declining and is typically fast. In terms of policy implications, our results suggest that the foreign exchange interventions adopted in late 2013 by the Czech National Bank to reduce the risks of deflation may be more effective than previously thought.
In terms of further research, we believe it would be worthwhile to analyze exchange rate pass-through in the Central and Eastern European countries at the disaggregate level to quantify the extent of aggregation bias (Granger, 1980) . Furthermore, it would be interesting to determine whether there are asymmetries in exchange rate pass-through. Specifically, prices may be sticky downward; therefore, the extent and the speed of the reaction to exchange rate shocks may differ depending on whether the exchange rate depreciates or appreciates. Finally, it may be interesting to employ time-varying vector autoregression models (or time-varying parameter models in general) to assess the potential changes in exchange rate pass-through in a more coherent framework. Notes: The forecast of aggregate CPI performed for the period between May 2013 and August 2013. Forecasting ability measured using the root mean squared error (RMSE) of our models vis-a-vis a random walk. A value in the last column smaller than 1 indicates that the RMSE is lower when our models are used instead of a random walk.
